2
The late Miocene is marked by pronounced environmental changes and the appearance of 17 strong temperature and precipitation seasonality. Although environmental heterogeneity is to 18 be expected during this time, it is challenging to reconstruct palaeoenvironments using plant 19 fossils. We investigated leaves and dispersed spores/pollen from 6.4-6 Ma strata in the 20
intermontane Florina-Ptolemais-Servia Basin (FPS) of NW Greece. To assess how well plant 21 fossils reflect the actual vegetation of the FPS, we assigned fossil-taxa to biomes providing a 22 measure for environmental heterogeneity. Additionally, the palynological assemblage was 23 compared to pollen spectra from modern lake sediments to assess biases in spore/pollen 24 representation in the pollen record. We found a close match of the Vegora assemblage with 25
modern Fagus-Abies forests of Turkey. Using taxonomic affinities of leaf fossils, we further 26 established close similarities of the Vegora assemblage with modern laurophyllous oak forests 27 of Afghanistan. Finally, using information from sedimentary environment and taphonomy, we 28 distinguished local and distantly growing vegetation types. We then subjected the plant 29 assemblage of Vegora to different methods of climate reconstruction and discussed their 30 potentials and limitations. Leaf and spore/pollen records allow accurate reconstructions of 31 palaeoenvironments in the FPS, whereas extra-regional vegetation from coastal lowlands is 32 likely not captured. 33 34
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1. Introduction 39
The late Miocene (11.6-5.3 Ma) marks the time in the Neogene (23-2.58 Ma) with the largest 40 shift from equable climate to strong latitudinal temperature gradients in both hemispheres 41 (Herbert et al., 2016) . This is well illustrated by the global rise of C 4 dominated ecosystems 42
(grasslands and savannahs in the tropics and subtropics; Cerling et al., 1997) . In the 43
Mediterranean region, vegetation changes did not happen synchronously with modern steppe 44 and Mediterranean sclerophyllous woodlands replacing humid temperate forest vegetation at 45 different times and places during the middle and late Miocene (Suc, 1984 can be correlated to the astronomical polarity timescale, indicating that its position 156 corresponds to the end of chron C3An.2n. This would suggest an age of ca. 6.4 Ma for the 157 beginning of unit 3. Therefore, the period of deposition of the light blue marls (unit 2) from 158
Vegora can be narrowed down to ca. 400 ka. 159 160 2.3. Sample processing 161
The palynological sample was taken from a slab piece (S115992) from a leaf layer in unit 2 of 162 the Vegora mine. The sample was processed following standard protocols (20% HCl to 163 dissolve carbonate, 40% HF to dissolve silica, 20% HCl to dissolve fluorspar; chlorination, 164 acetolysis; see Halbritter et al., 2018) NRM under specimen numbers S11599201-S11599220. Terminology of palynomorphs 174
follows Punt et al. (2007) and Halbritter et al. (2018) . Size categories follow Halbritter et al. 175 (2018) . Palynomorphs were determined to family, genus or infrageneric level. In cases when 176 no taxonomic affinity could be established, we used fossil form taxa which are not implying a 177 particular systematic affiliation. The systematic palaeobotany section starts with algae, fern 178 and fern allies, gymnosperms and is followed by angiosperms. Angiosperm classification and 179 author names of orders and families follow APG IV (2016). 180 181 2.5. Inferring palaeoclimate estimates 182 We employed three different (semi)quantitative methods to infer a range of climate 183 parameters for the Messinian of NW Greece. 184 CLAMP (climate leaf analysis multivariate program) is a physiognomy based, taxon free 185 method of climate inference and makes use of the relationship between leaf architecture and 186 climate. CLAMP uses calibration datasets of modern vegetation sites across the world to 187 place a fossil leaf assemblage in physiognomic space, which then can be translated into 188 numeric values for several climate parameters (Spicer, 2008 Apiaceae etc. and woody taxa including palms; see Table 1 for other woody taxa). These may 281 have been associated with BLE woodlands (Q. mediterranea, Q. sosnowskyi) or with 282 mesophytic evergreen forests of Q. drymeja (see below). Alternatively, they may have 283 originated from an independent vegetation type (for example montane grasslands). 284
Among needleleaf forest biomes, for some taxa, the attribution to a distinct forest type is not 285 straightforward. For example, conifers such as Cathaya may have been part of the montane 286 hinterland vegetation on well-drained soils but may also have been important elements of 287 peat-forming vegetation (Schneider, 1992; Dolezych & Schneider, 2006 , 2007 , 2012 . 288
Based on pollen abundances (electronic supplementary material Table S4 ) local (close to the 289 lake), regional (occurring in the FPS) and extra-regional (potentially occurring outside the 290 FPS) vegetation can be inferred. Evergreen oaks are abundant in the Vegora leaf assemblage but fairly rare in the pollen record 318 (electronic supplementary material Table S4 ). This indicates that the leathery leaves of these 319 taxa were transported to the area of sedimentation by slow-flowing streams and that the 320 source vegetation was further away from the lake. Kvaček diagrams. These included (i) pollen production biases which generally result in the over-393
representation of woody species and the under-representation of herbaceous species in the 394 pollen assemblage, (ii) transport of tree pollen into non-forested areas resulting in poor 395 delineation of ecotonal boundaries, (iii) upslope transport of pollen from lowland areas in 396 upland areas resulting in poor delineation of altitudinal vegetation gradients and tree line. 397
Furthermore, these authors found that samples from small basins (<1 km 2 ) are more likely to 398 be reconstructed accurately because they sample an appropriate pollen source area to reflect 399 regional vegetation patterns in relatively heterogeneous landscapes. In contrast, large 400
uncertainties were observed when inferring the local vegetation in large basins, e.g. the Black 401
Sea. Here, large pollen source areas result in strongly mixed signals which do not well 402 discriminate the vegetation belts around a specific site. 403 We note that this caveat may in fact be beneficial when inferring the past vegetation in a 404 larger area. The FPS is a basin that extends ca. 120 km x 30 km and is flanked by high 405 mountains. Hence, a rich pollen assemblage with a strongly mixed signal is expected to reflect 406 the actual vegetation types in the region although it may be challenging to correctly assign 407 particular pollen types to vegetation units. at the same time added regional and extra-regional vegetation information. 415
A close relationship between the actual vegetation and the pollen spectrum from recent and 416
Holocene sediment samples has also been reported for NW Turkey (van Zeist & Bottema, 417 1991). Modern surface-sample spectra accurately depicted the regional vegetation, although 418 some taxa were underrepresented in the pollen spectra while others were overrepresented. For 419 example, pollen spectra of Fagus-Abies dominated areas showed relatively low percentages of 420 these two taxa (10.4% and 7.4%), while high amounts of Pinus (ca. 30%) derived from forests 421 thriving at some distance from the pollen trap. Likewise, comparatively high amounts of 422
Juniperus, Quercus, and Carpinus did not reflect the local vegetation but a regional signal. Chenopodiaceae these taxa are predominantly insect-pollinated. For wind-pollinated taxa 500
represented with 1-3 grains in the pollen count (Poaceae, Chenopodiaceae) we assume that 501 this is indicative of a regional or extra-regional source vegetation. The insect-pollinated taxa, 502
also represented by 1-3 grains in the pollen count, are difficult to assign to either local or 503 regional/extra-regional vegetation. If these groups were local elements, they would have been 504 quite rare, based on the low numbers of their pollen. They could have been part of the 505 lakeshore vegetation, of open rocky places, of the understorey of forest vegetation or 506 meadows above the tree line. Alternatively, these elements could have been brought in by 507 long-distance dispersal (LDD) from coastal plains to the southeast and east of the FPS. 508
In sum, the combined macrofossil and microfossil record offers an accurate picture of the 509 different vegetation types present in the FPS during the Messinian. The fossil record suggests 510 that the local and regional vegetation in the FPS comprised a range of ecologically different 511 zonal and azonal forest types, while LDD of several herbaceous taxa may potentially have 512 contributed to an extra-regional pollen signal. 513 514
Inferring Messinian pre-evaporitic vegetation of the FPS and adjacent areas 515
Our multi-proxy palaeobotanical study of the Messinian assemblage of Vegora is based on 516 information from fruits and seeds, leaves, and dispersed pollen and spores. For the main flora 517 in unit 2 (blue marls) we used information from leaf fossils and dispersed spores and pollen. 518
As discussed above, there is strong evidence for the presence of a wide range of forest and 519 forest/shrubland types in the FSP. Furthermore, a small number of woody and herbaceous 520
taxa could reflect open vegetation. The latter are represented by low numbers of pollen grains, 521
which could be ascribed to LDD from remote areas including dry uplands or coastal plains. In 522 order to evaluate the pre-evaporitic Messinian vegetation of the FPS, we compared our finds 523
with previously published data on other plant fossil localities in the FPS and surrounding 524
areas. In addition, a vertebrate locality from the Axios valley (Dytiko1, 2, 3; 3 in Fig. 1) is 525 roughly coeval with the Messinian pre-evaporitic assemblages of the FPS (Koufos, 2006) . 526
The hypsodonty index of this fauna of 1.45-1.86 (NOW database, 527
http://pantodon.science.helsinki.fi/now/locality.php?p=ecometrics) corresponds to the diet 528 types "mixed-closed habitats", "regular browsers", and "selective browsers" according to 529 Janis (1988) and hence provides an excellent match with the environments inferred for the 530 FPS. 531 13 From Lava (Fig. 1) in accordance with the high amount of pine pollen documented in the palynological record. 550
Fagus is a frequent element as well, while Abies is not recorded in the macroflora. 551
Likoudi, 20 km S of Lava, is located in a small basin south of the main FPS (Fig. 1) From the Serres Basin (7 in Fig. 1 and Symplocos. In this case, the limitations outlined above are not valid. In drier, strongly 605 seasonal climate settings, the azonal vegetation will not be sufficient to produce meaningful 606 (representative) regional climate estimates. 607
When the palynological record is taken into consideration, both the local and the regional 608 (hinterland, vertical vegetation belts) vegetation is likely to be captured. This is reflected in 609 the much greater diversity of conifers and herbaceous taxa in the pollen record as compared to 610 the macrofossil record in the Vegora assemblage. In addition, long-distance dispersal may add 611 information from the extra-regional vegetation (e.g. Olea; van Zeist & Bottema, 1991; Bell & 612 Fletcher, 2016). 613
The resulting differences in reconstructed climate/vegetation are seen in the Köppen 614 signatures for the leaf fossil and pollen/spore records of Vegora (Fig. 7) . Taxa extending into 615 tropical climates are much better represented in the pollen record than in the leaf record. zone to the more arid MN7+8 zone with tropical signal from pollen and spore assemblages 625 decreasing from 11% in pollen zones 1 and 2 to 7% in the transitional pollen zone 2/3. The 626 tropical signal in Köppen signatures from the macrofossil assemblage from pollen zone 2 is 627 9%. In the pre-evaporitic assemblages of Vegora, the tropical signal is 9% and 6% for the 628 pollen/spore and leaf assemblages. 629
In contrast, the coexistence approach (CA), in producing exact values for selected climate 630 parameters, will be prone to produce hybrid climates if fossil assemblages represent a range 631 of lowland azonal and hinterland vegetation and vegetation from different vertical belts. Such 632 artificial climates may be randomly expressed as narrow coexistence intervals including 633 different vertical vegetation belts, or in very broad coexistence intervals (cf. forested vegetation. We found that the combined leaf and dispersed spore/pollen records 658 allow fairly accurate reconstruction of local and regional vegetation. Leaf fossils offer more 659 species-diagnostic features than pollen and a combination of leaf taphonomy and pollen 660 frequencies allow discriminating local and regional vegetation. Furthermore, specific 661 comparison with modern pollen spectra was made in order to understand biases in pollen 662
abundances. This provided a transfer function for the interpretation of fossil pollen 663 assemblages. To test and illustrate the stability of the climatic signal, gymnosperms (common alpine elements) and azonal elements (e.g. riparian or swamp vegetation) were excluded in some runs. < 4 < 5.5 --MAT = mean annual temperature, CMMT = coldest month mean temperature, WMMT = warmest month mean temperature, GROWSEAS = duration of growing season, MMGSP = mean month growing season precipitation, Three_WET = precipitation of three consecutive wettest months, Three_DRY = precipitation of three consecutive driest months. Table 1 . c [?] expresses the uncertainty around a possible extra-regional signal in the Vegora pollen record. According to Erdös et al. (2018) steppe forest with Stipa and other grasses and different species of Quercus (forest-steppes of the type 'Region A -SE Europe') is characterized by MAP of 420-600 mm; this would be much drier than the inferred MAP for the FPS.
